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Objective 
 Improve understanding of drilled shaft 
design and construction. 
 Understand the importance of 
geotechnical investigations, design, and 
the plans and specifications. 
 Educate constructors and designers about 
common issues so that good foundation 
construction practices are followed. 
 To achieve quality assurance. 
 
Outline 
 Keys to a successful drilled shaft project 
 Osterberg load test at the start of 
construction SR 57 over White River          
– Benefits 
 Integrity testing – CSL, PIT & TIP 
 INDOT experience with NDE tests 
 Specific issues discussed 




Keys to Success 
 Subsurface investigation   
 Chapters 2 and 3 – GEC – 10  
 Knowledge of construction techniques 
 Chapters 4 through 9 – GEC – 10  
 Design for constructability and reliability 
 Chapters 10 through 17 and 22 – GEC – 10   
 Appropriate specifications  
 Chapter 18 – GEC – 10  
 Quality assurance 






 The best practice to reduce the risk of 
construction problems is early recognition 
of geotechnical problems during design 
stage and designing accordingly.  
 Perform an adequate subsurface 
investigation in advance of final design. 
 
Subsurface Investigations 
 AASHTO LRFD Bridge Design Specifications 
 Table 10.4.2-1 
 For substructure…a minimum of 1 exploration point per 
substructure. For substructure widths greater than 100 ft, a 
minimum of 2 exploration points per substructure. Additional 
Exploration points should be provided if erratic subsurface 
conditions are encountered, especially for the case of shafts 
socketed into Bedrock. 
 In soil, depth of exploration should extend below the 
anticipated shaft tip elevation a minimum of 20 ft, or a 
minimum of 2 times the maximum pile group dimension, 




 AASHTO LRFD Bridge Design Specifications 
 Table 10.4.2-1 
 For shafts supported on or extending into rock, a minimum 
of 10 ft of rock core, or a length of rock core equal to at 
least 3 times the shaft diameter for isolated shafts or 2 times 
the maximum shaft group dimension, whichever is greater, 
shall be extended below the anticipated shaft tip elevation to 
determine the physical characteristics of rock within the zone 





 Thorough investigations are needed to: 
 Determine site geology and groundwater conditions. 
 Determine appropriate soil and rock strength 
parameters. 
 Perform engineering analyses for design. 
 Establish appropriate construction methods. 
 Make reliable cost estimates. 
 Prepare bid documents. 
 Plan construction. 
 Minimize contractor claims. 
 
Geotechnical Engineer Role 
 Perform detailed investigation and analyses. 
 Prepare geotechnical design report. 
 Communicate site conditions and design 
recommendations to other members of the design and 
construction teams. 
 Prepare specifications. 
 Recommend load testing and QA program. 
 Provide technical support during design and 
construction. 
 Role is not complete until construction is successfully 
completed. 
 
Knowledge of Construction Techniques 
 Availability of appropriate drilling equipment and tools 
for excavation. 
 Selection of appropriate methods and materials for 
excavation support (dry, casing, slurry, combined). 
 Match field inspection (quality assurance) procedures 
with construction procedures. 
Design - Constructability & Reliability 
 Schematic of axial and lateral resistance 
of a drilled shaft: 
Design - Constructability & Reliability 
 FHWA – GEC 10 
 LRFD design – Chapter 10 
 Design process – Chapter 11 
 Lateral loading design – Chapter 12 
 Axial loading Design – Chapter 13 
 Shaft group design – Chapter 14 
 Extreme event design – Chapter 15 























Strength Shaft No. 1A 601.6 52.9 18.0 1170.0 138.4 
Strength Shaft No. 1B 1134.7 47.5 1.7 1573.7 261.0 
Strength Shaft No. 2A 672.7 0.0 101.0 154.7 154.7 
Strength Shaft No. 2B 1309.5 46.6 6.5 1645.8 301.2 
Strength Shaft No. 3A 221.1 0.0 92.5 50.9 185.0 
Strength Shaft No. 3B 1125.7 50.1 4.0 1609.3 258.9 
 Lateral loading conditions provided by designer 
at head of drilled shaft. 











Shear Force, V 
(lbs) 





1 0.25 0.41 0.58 12565 4,889,978 1,125,700 
2 0.50 0.41 0.58 25130 9,779,955 1,125,700 
3 0.75 0.41 0.58 37695 14,669,933 1,125,700 
4 1.00 0.41 0.58 50259 19,559,911 1,125,700 
5 1.25 0.41 0.58 62824 24,449,888 1,125,700 
6 1.50 0.41 0.58 75389 29,339,866 1,125,700 
* Design P-multiplier (for soil) calculated by Geotechnical Engineer based on shaft 
spacing. Deflection under Load case 6 is 1.22 inches <10%D - OK 
 
Loading for Pushover Analysis – Pier 4 Shaft 3 Load Case B 
Design - Constructability & Reliability 




 Drilled shaft has excellent strength in flexure and high 
axial resistance. 
 Therefore, the completed drilled shaft must be a 
competent structural element that provides sufficient 
structural strength in compression, tension and flexure 
to transfer the loads from the structure. 
 Carefully planned construction methods in conjunction 
with careful field observation and oversight are critical 
to a successful drilled shaft. 
Quality Assurance 
Survey of State DOT Practice: 
94% use CSL 
3% use G-G 
3% use PIT 
Ref: Khamis Haramy, FHWA Denver 2008 
Ref: Khamis Haramy, FHWA Denver 2008 
Quality Assurance 
Quality Assurance - CSL 
Concrete Condition Rating Criteria 
Quality Assurance - CSL 
 Satisfactory (G) (Good) 
 FAT increase 0 to 10% and  
 Energy reduction < 6 db 
 Anomaly (Q) (Questionable) 
 FAT increase 11 to 20% and  
 Energy reduction of < 9 db 
 Flaw (P/F) (Poor/Flaw) 
 FAT increase 21 to 30% or  
 Energy reduction of 9 to 12 db 
 Defect (P/D) (Poor/Defect) 
 FAT increase > 31% or  
 Energy reduction > 12 db 
Quality Assurance 
Osterberg Load Test SR 57 
Osterberg Load Test SR 57 
Osterberg Load Test SR 57 
Osterberg Load Test SR 57 
Osterberg Load Test SR 57 
Partial Cost Savings 
  Unit Bid Prices       
  Osterberg Cell Test: $263,000.00   
  Drilled Shaft (72 in):  $810.00   
  Rock Socket (60 in): $1,090.00   
  Permanent Casing (72 in): $682.00   
  Drilled Shaft  Rock Socket  Permanent Casing  
Cost Savings (per 
shaft) 
Pier 4 
Original (LFT) 54.59 22.5 23.67   
Revised (LFT) 25.99 18.67 22.99   
Change (LFT) 28.6 3.83 0.68   
Cost Savings (per shaft) $23,166.00 $4,174.70 $463.76 $27,804.46 
Pier 5 
Original (LFT) 68.84 22.5 50.67   
Revised (LFT) 55.3 19.2 52.3   
Change (LFT) 13.54 3.3 -1.63   
Cost Savings (per shaft) $10,967.40 $3,597.00 -$1,111.66 $13,452.74 
Pier 6 
Original (LFT) 75.09 22.5 50.67   
Revised (LFT) 64.4 16.44 61.4   
Change (LFT) 10.69 6.06 -10.73   
Cost Savings (per shaft) $8,658.90 $6,605.40 -$7,317.86 $7,946.44 




Why do we test? How do we test? 
CSL                                 
Cross-hole Sonic 
Logging 
Stress Waves, emitted  
in one tube are received 
in another one if concrete 
quality is satisfactory 
Receive Transmit 







Top view of pile with 
4 access tubes 
Put probes in 
bottom of 
tubes 
provided by pdi 
CSL tests every 
tube combination 
Cross-hole Analyzer - CHAMP 
Cross-hole Analyzer - CHA 
Signal 
Arrival 
(wave speed)  =  ( tube spacing ) / (arrival time ) 
 
 
        
    Arrival 
Traditional 
“water fall” 





either energy or 
signal amplitude 
Energy 
PDI shaft – when to test? 
ASTM D6760 suggests test after 3 days 
728-B-203 DRILLED SHAFT FOUNDATIONS 
INDOT requires test no sooner than 5 business days 
after placement of concrete 








Comparison of CHA results 
with purpose-built defects in 
test shafts 
Shaft 1                 GRL CHA
Depth Desc. Legend
m (ft) AT ECR
1.5 (5)
16" dia pail void    NE, SE, EW
(inside)
3.0 (10) fiberglass outside
4.6 (15) 12" dia pail inside void






4" tube coil SW, SE,, NE, EW




16" dia pail inside void




16" dia pail inside soil
           SE
15.2 (50)  | | | | | | |    SW, NW, EW
As Built
Amherst Shaft 1 





16" dia pail void    NE, SE, EW
(inside)
3.0 (10) fiberglass outside
4.6 (15) 12" dia pail inside void






4" tube coil SW, SE,, NE, EW




16" dia pail inside void




16" dia pail inside soil
           SE
15.2 (50)  | | | | | | |    SW, NW, EW
A. Plastic Bucket (0.4 m/16 in. dia.) with fiberglass insulation on outside  
B. Plastic Bucket (0.3 m/12 in. dia.) with fiberglass insulation on outside  
C. 0.1 m/4 in dia. Plastic tubing coiled outside cage
D. 0.1 m/4 in dia. Plastic tubing coiled inside cage
E.  Cardboard tube and plastic pail (0.4 m/16 in dia) w/ fiberglass insulat     
16" dia. pail 
(inside) 
fiberglass outside 
12" dia pail inside  
fiberglass outside 
Diameter change 
4" tube coil   
in & outside of cage 
(necking) 
 
cardboard tube  
16" dia pail inside 
fiberglass outside 
16" dia. pail 
(inside) soil 
Shaft 1                 GRL CHA
Depth Desc. Legend
m (ft) AT ECR
1.5 (5)
16" dia pail void    NE, SE, EW
(inside)
3.0 (10) fiberglass outside
4.6 (15) 12" dia pail inside void






4" tube coil SW, SE,, NE, EW




16" dia pail inside void




16" dia pail inside soil
           SE
15.2 (50)  | | | | | | |    SW, NW, EW
As Built




CSL Finds:  
• defects on direct perimeter path  
• multiple defects: by depth and quadrant 
• “soft bottoms” if tubes go to bottom 
Limitations: 
• cannot find defect if not on direct path  
• cannot find defect outside cage (e.g. bulges) 
• may not find small defects in center of pile 
Other considerations: 
• needs access tubes; if too few tubes, can miss defects 
• not sensitive to surrounding soils or pile length 
Canary Wharf Testing 
      Pile 465 -     small defect 
Canary Wharf Testing 
Pile 448 - large shell defect 








Low Strain  Integrity Testing: 
- Looks for major defects 
Indiana examples of drilled  
shafts. 
Testing/coring/evaluating 
Indiana Shafts—PIT results 
• v 
Indiana examples of drilled  
shafts. 
Testing/coring/evaluating 
Core of drilled 
shaft :  
Above 23ft and 






and 35 ft 
PIT: IV35 Inconclusive 
record below depth of 35 ft 










Cored North and 
South sides of shaft 
just inside cage 
“Concrete” in a jar 
PIT = AA  
with lower apparent 
wave speed 
2/27/12: 8:20 am, checked hole depth.  Bottom of hole is solid, weight bounces crisply. 
2/28/12: 11:00 am, water pumped out of shaft.  11:05 am, concrete pour started. 
Soft Toe 
6 ft shaft, 2 ft hole all the 
down way 58 ft 
Core 3 ft diameter out 
of center of shaft, clean 
rock socket and cage, 
repour. 
Results aren’t always so clear 
No signal near surface, multiple defects 
Void in core 
PIT = AB 
inconclusive 
Top 5 ft chipped, cleaned and 
repoured 
Another shaft, less than 
100 feet away 
Flaws and defects in 9 
of the 10 profiles! 
AB : No major defect 
indicated; the records 
indicate neither reflections 
from significant reductions 
or pile size or material 
quality nor a clear toe 
response. Records in this 
category do not 
give indications of a 
significant deficiency, 
however, neither do they 
yield positive evidence of 
the shaft being flawless 
over its full length. 
7 feet of shaft cored. 
Generally solid, no voids. 
Conclusion, likely 
“debonding”. 
Adjacent shaft. Similar CSL/PIT 
PIT: AB, no major defects, 
cannot confirm it’s flawless 
Cored in 3 lowest velocity areas: 
loose aggregate, poor concrete confirmed 
Tomography: Where to core 
 
Failed sounding for loose concrete near surface. 
 
Same row of shafts. Similar CSL results 














PIT:  AB 


Coring Through a Void 
Coring Through a Void 
Construction Issues 
Parallel CSL Tubes? 
Thermal sensors 
every 1 foot 
Thermal Integrity Profiling 
Centering the Reinforcing Steel 

CSL Results 
Pile Integrity Testing Results 
Construction observation 
TIP Results 
INDOT – CSL TEST RESULTS 
Only 5% of 
the shafts 
required 
corrective 
measures. 
 Questions? 
